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H GH FREQUENCY RADI O BASELI NE PARAMETERS

Federal Tel ecommuni cati ons Recomendati ons (FTR) are issued by the Technol ogy and Standards

Di vi si on, National Conmunications System (NCS), after approval by the Federal Tel ecomunications
Standards Committee and the Deputy Manager, NCS, pursuant to Executive Order 12472 NCS
Directive 4-1?, and Public Law 104-113.

1. Nane of Recommendation. High Frequency Radi o Baseline
Par anet ers.

2. Category. High Frequency Radio Autonmatic Link Establishnent,
Tel ecommuni cati ons St andards.

3. Explanation. This Federal Tel ecomruni cati ons Recomrendati on
(FTR) is one of a series of standards and recomendati ons
pertaining to automatic high frequency (HF) radi o equi pnent and
operation. Federal Standard (FED STD) 1045A,

“Tel ecommuni cati ons: HF Radi o Automatic Link Establishnment,”

Cct ober 18, 1993, provides Federal departnents and agencies with
a conprehensi ve description of the performnce and
interoperability criteria for automatic |ink establishnent (ALE)
in HF radi o systens. Fed-Std-1045A provi des the waveform
coding, and protocols to support ALE and is the foundation for

t he adaptive and automated radi o features that are being defined
inafamly of Federal HF radio tel ecomrunications standards and
recomrendat i ons:

FED- STD 1046/ 1, “HF Radi o Automati c Networki ng”

FTR 1047/ 3, “HF Radi o Autonatic Message Delivery”

FED- STD 1049/1, “HF Radio Autonmatic Operation in Stressed
Envi ronnent s”

FED- STD 1052, “HF Radi o Modens”

This FTR establishes technical standards and desi gn objectives
(DCs) that are necessary to ensure interoperability and proper
performance of the basic radio system paraneters required for
supporting ALE operations.

lExecutive Order 12472, “Assignment of National Security and Energeng
Prepar edness Tel ecommuni cati ons Functions,” April 3, 1984.

2NCS Directive 4-1, *“Federal Telecomunication Standards Progrant
February 21, 1991.

SPublic Law 104-113, “The National Tedinol ogy Transfer and Advancenment Act
of 1995,” February 27, 1996.



4. Approving Authority. Deputy Manager, National Conmunications
System

5. Maintenance Agency. Technol ogy and Standards Divi sion,
Nat i onal Communi cati ons System

6. Rel at ed Docunents.

a. FED- STD 1037C, “Tel econmuni cations: G ossary of
Tel ecommuni cation Terns.”

b. FED- STD 1045A, “Tel econmmuni cati ons: HF Radi o Automati c
Li nk Establi shnent.”

C. FED- STD 1049/ 1, “Tel ecomruni cations: HF Radio Automatic
Operation in Stressed Environnents, Section 1: Linking
Protection.”

d. FED- STD 1052, “Tel econmuni cati ons: HF Radi o Modens.”

e. ML-STD 188-114, “Electrical Characteristics of Digita
Interface Circuits.”

f. ML-STD 188-141, “Interoperability and Perfornmance
St andards for Medium and Hi gh Frequency Radi o Equi pnment.”

g. ML-STD 188-148, (S) “Interoperability Standard for Anti-
Jam (AJ) Commruni cations in the H gh Frequency Band (2-30 MHz)

(Y.~

h. NTIA “Manual of Regul ations and Procedures for Federa
Radi o Frequency Managenent.”

i. |ITU R Recommendation F.455-2, “Inproved Transm ssion
System for HF Radi otel ephone Circuits.”

J]. |ITUR Reconmmendation 475-1, “lnprovenents in the
Per f ormance of Radi ot el ephone.”

k. |1TU R Recommendation F. 1111, “Inproved Linconpex System
for HF Radi otel ephone Circuits.”

I. I1TEEE, “The New | EEE Dictionary of Electrical and
El ectronics Terns,” 5" Edition, January 15, 1993.

At the tinme of publication of this FTR, the editions indicated
above were valid. Al publications are subject to revision, and
parties to agreenents based on this FTR are encouraged to



i nvestigate the possibility of applying the nost recent editions
of these publications. You nmay obtain copies of the
speci fications and rel ated docunents from

FED- STDS - General Services Adm nistration
Federal Supply Service Specification
Section
470 E. L'Enfant Plaza, S. W
Suite 8100

Washi ngton, DC 20407

M L- STDS - Naval Publications and Forns Center
Attn: NPODS
5801 Tabor Avenue
Phi | adel phia, PA 19120-5099

| TU-T - National Technical Information Service
U. S. Departnent of Commerce
Springfield, VA 22161
(703) 487-4650

NTI A Docunent s - U S. Departnent of Commerce
NTI A
Room 4890
14" and Constitution Ave., N. W
Washi ngton, DC 20230

| EEE Documents - The Institute of Electrical and
El ectroni cs Engineers, Inc.
345 East 47" Street
New Yor k, NY 10017

7. bjective. The objective of this FTRis to inprove the
Federal acquisition process by providing Federal departnents and
agenci es a conprehensive, authoritative source of information on
fully interoperable HF radio equi pnent to support autonated
operation. This FTR establishes technical paraneters and design
obj ectives that are considered necessary to ensure
interoperability of new fixed, transportable, nobile, and man-
portable radi o equi pnent in the HF band. This docunent was
devel oped in accordance with the “Statenment of Requirenents (SOR)
for the Devel opnment of a Family of Federal Standards for

Aut omat ed H gh Frequency Radi 0” to provide comruni cations
interoperability and to satisfy the requirenments of Federa
departments and agencies. It is also the purpose of this
docunent to establish a |evel of performance of new radio

equi pnrent consi dered necessary to satisfy the requirenents of a
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maj ority of users. These technical paraneters represent m ninmum
interoperability and performance standards.

8. Applicability. This FTR is recomended for use by all
departnents and agenci es of the Federal Governnent in the
procurenment of HF radi o equi pnent.

9. Specifications. Hi gh Frequency (HF) Radi o Baseline
Par anet ers.

9.1 GCeneral. This FTR establishes technical standards and
desi gn objectives that are necessary to ensure interoperability
and to pronote performance of HF radi o equi pnent for autonmated
operation and for operation in automatic |ink establishment (ALE)
systens. The technical paraneters of this docunent may be
exceeded in order to satisfy certain specific requirenents,
provided that interoperability is maintained. For instance, the
capability to incorporate features such as additional standard
and nonstandard interfaces is permtted. The terns "system
standard" and "design objective" are defined in Fed-Std-1037C
In this docunent, the word "shall" identifies nmandatory system
standards. The word "should” identifies DOs which are desirable
but not mandatory.

9.2 Definitions.

9.2.1 Terms. Definitions needed for the technical
understanding of this FTR are provided in annex A

9.2.2 Abbreviations and acronyns. The abbrevi ati ons
and acronyns used in this docunent are defined in annex B.

9.3 Reguirenents. By convention, frequency band all ocation
for the medium frequency (MF) band is fromO0.3 MegaHertz (VMHz) to
3 MHz, and the HF band is from3 Mz to 30 MHz. However,
equi pnrent designed for HF band use has historically been designed
with frequency coverage extending down into the MF band. For new
HF equi prent, HF band standard paraneters shall apply to any
portion of the MF band included as extended coverage.

Equi pnment paraneters wll be categorized using functional use
groups for radi o assenbl ages/sets. For this FTR, group 1 is
conprised of fixed and transportable radio sets and systens.
Group 2 consists of both nobile and portable radio sets and
systens. See annex A for definitions of these terns. The
mobility of HF radio users dictates that a significant amount of
| ong- haul requirenents may be nmet with nobile or portable
systens. Wien this second group of sets and systens is used to



meet a | ong-haul requirenent, the equi pnent shall neet | ong-hau
m ni mum per f ormance st andar ds.

9.3.1 Equipnment operation npdes.

9.3.1.1 Baseline node. Frequency control of al
new HF equi pnment, except group 2, shall be capabl e of being
stabilized by an external standard. As an option, 5 MHz with 1
MHz and 10 MHz as further options is recommended. Should
mul tipl e-frequency (channel) storage be incorporated, it shall be
of the programmabl e-nenory type and be capabl e of
storing/initializing the operational node associated with each
particul ar channel. See paragraph 4.2, Fed-Std-1045A, and
paragraphs 9.3.1.1 and 9.3.1.2 bel ow.

9.3.1.1.1 Single-channel Al new
si ngl e-channel HF equi pnent shall provide, as a m ninmum the
capability for the follow ng one-at-a-tine sel ectabl e operational
nodes:

a. One nom nal 3-kHz channe
upper sideband (USB) or |ower sideband (LSB) (sel ectable).

b. A narrowband frequency
modul ati on (NBFM channel capability should be included as a
desi gn objecti ve.

9.3.1.1.2 Miltichannel. Al new
mul ti channel HF equi pnment shall provide a single channel
capability as set forth in paragraph 4.2.1.1 above, as a m ni nrum
and one or nore of the follow ng nodes, selectable one at a tine:

a. Two nom nal 3-kHz
channels in the USB or LSB (two i ndependent channels in the sane
si deband- - si deband sel ect abl e).

b. One noninal 6-kHz channe
in the USB or LSB (sel ectable).

c. Two nom nal 3-kHz
channels in the USB and two in the LSB (four independent 3-kHz
channel s--two in each sideband).

d. One nom nal 6-kHz channe
in the USB and one in the LSB (two independent 6-kHz channel s--
one in each sideband).



e. One nom nal 3-kHz channe
in the USB and one in the LSB (two independent 3-kHz channel s--
one in each sideband).

9.3.1.2 Automatic Link Establishnment Mde |If
an Automatic Link Establishment (ALE) capability is to be
included, it shall be of the channel-scanning type and shal
provide for contact initiation by either or both manual and
automat ed control. See paragraph 4.5 for the list of features
required to support this operational node. Detailed requirenents
are in Fed- Std-1045A.

9.3.1.3 Antijamnode. |If anti-jam (AJ) is to be
i npl emrented, the AJ capabilities and features for HF radi os shall
be in accordance with M| -Std-188-148.

9.3.1.4 Linking protection If Linking
Protection (LP) is to be inplenmented, the LP capabilities and
features for HF radios shall be in accordance with Fed- Std-
1049/ 1.

9.3.2 Interface paraneters.

9.3.2.1 Electrical characteristics of digital
interfaces. As a mninmum any incorporated interfaces for serial
bi nary data shall be in accordance with the provisions of
M1 -Std-188-114. Such interfaces shall also include provisions
for request-to-send (RTS) and clear-to-send (CTS) signaling. The
capability to accept additional standard interfaces is permtted.

9.3.2.2 Electrical characteristics of anal og
i nterfaces. See sections 9.4.15 and 9.7. 2.

9.3.2.3 Mdulation and data signaling rates
The nodul ation rate (expressed in baud (Bd)) or the data
signaling rate (expressed in bits per second (b/s)) at interface
points A and A on figure 1 shall include those contained in Fed-
St d- 1052.

9.3.3 Adaptive conmmunications. Adaptive HF describes
any HF communi cations systemthat has the ability to sense its
comruni cations environnment and, if required, to automatically
adj ust operations to i nprove communi cati ons performance. Shoul d
the user elect to incorporate adaptive features, those features
shall be in accordance with the requirenents stated in this
docunent .
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Essenti al adaptive features:
a. Channel (frequency) scanning capability.

b. ALE, using an enbedded sel ective calling
capability. A disabling capability and an option to inhibit
responses shall be included.

c. Automatic sounding (station identifiable
transm ssions). A capability to disable sounding and an option
to inhibit responses shall be included.

d. Limted link quality analysis (LQA) for
assisting the ALE functi on:

(1) Relative data error assessnent.

(2) Relative SINAD (See section 9.4. 2,
bel ow, for definition).

(3) Miltipath/distortion assessnent (DO) (not
yet standardized).

9.4 Detail ed Requirenents.

9.4.1 |Introduction. This section provides detailed
performance standards for MF and HF radi o equi pnent. These
performance standards shall apply over the appropriate frequency
range from2.0 MHz to 29.9999 Mz (DO 1.5 MHz to 29.9999 MHz).

9.4.2 Signal and noise relationships The signal and
noi se rel ationshi ps are expressed as signal - pl us-noi se-pl us-
distortion to noise-plus-distortion ratio (SINAD), unless
otherwi se identified. Unless otherw se specified, when the ratio
is stated, the noise bandwidth is 3 kHz.

9.4.3 Common equi pnent characteristics These
characteristics shall apply to each transmtter and to each
recei ver unless otherw se specified.

9.4.4 Displayed frequency. The displayed frequency
shall be that of the carrier, whether suppressed or not.

9.4.5 Frequency coverage. The radi o equi pnmrent shall be
capabl e of operation over the frequency range of 2.0 MHz to
29.9999 MHz in a maxi num of 100-Hz frequency increnents (DO
10 Hz) for single-channel equi pnent and 10-Hz frequency
increments (DO 1 Hz) for nultichannel equipnent.




9.4.6 Frequency accuracy. The accuracy of the radio
carrier frequency including tolerance and long-termstability, but
not any variation due to doppler shift, shall be w thin+20 Hz,
measured during a period of not |ess than 30 days. See paragraph
9.3 for application statenents on dual paraneters.

9.4.7 Phase stability. The phase stability shall be such
that the probability that the phase difference will exceed 5
degrees over any two successive 10-mllisecond (ns) periods
(13.33-nms periods nay al so be used) shall be less than 1 percent.
Measurenents shall be perfornmed over a sufficient nunber of
adj acent periods to establish the specified probability with a
confidence of at |east 95 percent.

9.4.8 Phase noise. The synthesizer and m xer phase-noi se
spectrumat the transmtter output shall not exceed those limts as
depicted on figures 2 and 3 under continuous carrier single-tone
out put conditions. Figure 2 depicts the |imts of phase noise for
group 1 radio transmtters and figure 3 depicts the limts for
group 2 transmtters. See paragraph 9.3 for applicable statenents
on dual paraneters.

9.4.9 Bandwi dths. The bandw dths for high frequency band
em ssions shall be as shown in table 1. Oher high frequency band
em ssions which may be required to satisfy specific user
requi rements may be found in the “NTI A Manual of Regul ati ons and
Procedures for Federal Radio Frequency Managenent.”

9.4.10 Overall channel responses

9.4.10.1 Single-channel or dual -channel operation
The anplitude vs. frequency response between (f, + 300 Hz) and (f,
+ 3050 Hz) shall be within 3 dB (total) where f, is the carrier
frequency. The attenuation shall be at least 20 dB from¢§ to (f,
- 415 Hz), at least 40 dB from (f, - 415 Hz) to (f, - 1000 Hz), and
at | east 60 dB below (f, - 1000 Hz). Attenuation shall be at | east
30 dB from (f, + 4000 Hz) to (f, + 5000 Hz) and at |east 60 dB
above (f, + 5000 Hz). See figure 4. Goup delay tinme shall not
vary by nore than 1.0 ns over the passband of 300 Hz to 3050 Hz.
G oup del ay neasurenents shall be perfornmed end-to-end (transmtter
audi o input to receiver audio output) with the radi o equi pnent
configured in a back-to-back test setup.

NOTE: Al though the response val ues given are for

si ngl e-channel USB operation, an identical shape, but inverted
channel response, is required for LSB or the inverted channe
of a dual -channel independent sideband operation
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Tabl e 1. Bandwi dt hs

Em ssion type | Necessary bandwi dt h

Frequency-shi ft keying (FSK) (85-Hz shift) B, = Bd + DK (see
not es bel ow)

Frequency-shi ft keying (FSK) (850-Hz shift) B, = Bd + DK (see
not es bel ow)

Si ngl e-si deband nodul ati on (SSB) singl e-channel see par. 9.4.10.1

I ndependent si deband nodul ati on (| SB)

Two channel s see par. 9.4.10.1

Four channel s see par. 9.4.10.2

NOTES:

1. The sinplified formula for calculation of necessary bandwi dth is:
B.= Bd + DK (The full formula is B = 2M+ 2DK with M= Bd/2) (2M
reduces to Bd and 2D reduces to D)

VWhere: B, = Necessary bandwi dth

Bd = Digital synbol rate for tel egraphy (i.e., baud)

D = Peak deviation, i.e., half the difference between the
maxi mum and ni ni rum val ues of the instantaneous
frequency.

Db = Full deviation.

K = An overall nunerical factor which varies according to
t he emi ssion and whi ch depends upon the all owabl e
signal distortion. Direct printing telegraphy using a
frequency shifted nodul ati ng subcarrier, with error-
correction, single-sideband, suppressed carrier
(single channel) has a nunerical factor of 1.2

M = Maxi mum nodul ati ng frequency (Bd/2)

2. The baud rate for 60 wpm (words per mnute) teletype is 45.5 Bd.

The rate for 100 womis 74.2 Bd.

12
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9.4.10.2 Four-channel operation \Wen
f our - channel independent sideband operation is enployed, the
four individual 3-kHz channels shall be configured as shown on
figure 5, which also shows anplitude response for these
four channels. Channels A2 and B2 shall be inverted and
di splaced with respect to channels Al and Bl as shown in the
figure. This may be acconplished by using subcarrier frequencies
of 6290 Hz above and bel ow the center carrier frequency or by
ot her suitable techni ques which produce the required channe
di spl acenments and i nversions. The suppression of any subcarriers
used shall be at least 40 dB (DO 50 dB) below the | evel of a
single tone in the A2 or B2 channel nodulating the transmtter to
25 percent of peak envel ope power (PEP). Refer to figure 5. The
following criteria apply equally to all four channels. The radio
frequency (rf) anplitude versus frequency response for each
i ndi vidual |SB channel shall be within 2 dB (DO 1 dB) between
250 Hz and 3100 Hz, referenced to each channel's carrier (either
actual or virtual). Referenced fromeach channel's carrier, the
channel attenuation shall be at |east 40 dB at 50 Hz and 3250 Hz;
and at |east 60 dB at f, - 250 Hz and 3550 Hz. G oup del ay
di stortion shall not exceed 1500 m croseconds over the ranges 370
Hz to 750 Hz and 3000 Hz to 3100 Hz. The distortion shall not
exceed 1000 m croseconds over the range 750 Hz to 3000 Hz. G oup
del ay distortion shall not exceed 150 mi croseconds for any
100- Hz frequency increnment between 750 Hz and 3000 Hz. G oup
del ay neasurenents shall be perfornmed end-to-end (transmtter
audio input to receiver audio output) with the radi o equi pnent
configured in a back-to-back test setup.

9.4.10.3 Absolute delay. The absol ute del ay
shall not exceed 10 ms (DO 5 ns) over the frequency range of
300 Hz to 3050 Hz. Measurenents shall be performed end-to-end
and back-to-back as in paragraph 9.4.10. 1.

9.4.10.4 Linconpex. Should a voice conpression
and expansion capability be included, it shall neet the
Li nconpl ex requirenents of ITU-R (fornmerly CCIR) Recomrendati on
F. 455- 2, Recommendation 475-1, and Recommendation F.1111-1. In
addi tion, such a device shall incorporate calibration techniques
that automatically renove radio link frequency error fromthe
control channel for the receiver expander function with the start
of reception of each Linconpex transm ssion. As a design
obj ective, frequency errors should al so be renpoved fromthe
speech channel. The calibration sequence is shown on figure 6.

14
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MODULATOR

/’
-

CALIBRATE S
COMMAND

CONTROL TONE
ENVELOPE

ENVELOPE

AMPLITUDE -8 O0dB -31dB 0dB -31dB OdB -5dB

ENVELOPE

TMING (MS) N/A 60 64 48 64 60 N/A

CONIROL TONE
FREQUENCY (Hz) N/A < 2900 Hz » NA

SPEECH LEVEL NA < 0 » N/A

CORRELATION M‘ |4— CALIBRATE —P‘ ‘ OMS
WAVEFORM ¢— SEQUENCE ———

FREQUENCY I ////// »
MEASUREMENT /]

DEMODULATOR

Figure 6. Digital Linconpex calibration sequence
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There are four sets of specifications to accommbdate the nost
common voi ce channel bandw dths found in user equi pment. They
are:

(A) Band 250-2500 Hz; control tone
center frequency 2900 Hz (as shown on figure 6)

(B) Band 250-2380 Hz; control tone
center frequency 2580 Hz

(C Band 250-2000 Hz; control tone
center frequency 2200 Hz

(D) Band 250-1575 Hz; control tone
center frequency 1775 Hz.

9.4.11 Transnitter characteristics

9.4.11.1 Noi se and distortion

9.4.11.1.1 |n-band noise. Br oadband
noise in a 1-Hz band within the sel ected sideband shall be at
| east 85 dBc below the level of the HF transmtter's rated PEP

9.4.11.1.2 |Internodulation distortion
(IMD). The IMD products of HF transmtters produced by any
two equal -l evel test signals within the 3-dB bandw dth (a single-
frequency audi o output) shall be at |east 30 dB bel ow either tone
for group 1 station applications and 24 dB bel ow either tone for
group 2 applications when the transmtter is operating at rated
PEP. The frequencies of the two audio test signals shall not be
har noni cal |y or subharnmonically related and shall have a m ni num
separation of 300 Hz.

9.4.11.2 Spectral purity.

9.4.11.2.1 Broadband em ssi ons.
When the transmtter is driven with a single tone to rated PEP
t he power spectral density of the transmtter broadband em ssion
shall not exceed the |level established in table 2 and as shown on
figure 7. Discrete spurs shall be excluded fromthe nmeasurenment,
and the neasurenent bandw dth shall be 1 Hz.

9.4.11.2.2 Discrete frequency
Spuri ous em Ssi ons. For HF transmtters, when driven with a
single tone to produce an rf output of 25 percent rated PEP, al

17



Tabl e 2. Qut-of-band power spectral

for radio transmtters

density limts

Frequency At t enuati on bel ow i n-band
(Hz) power density (dB)

fn=1., = (0.5 BW+ 500) 40 (DO 43)
fo=f., £ 1.0 BW 45 (DO 48)
fo=f., £ 2.5 BW 60 (DO 80)
(f, +4.0BW # f_,# 1.05 f,
0.95f, #f, ,# (f., - 4.0 BW 70 (DO 80)
f,# 0.95 f,
f,n$ 1.05 f, 90 (DO 120)
wher e: f, = frequency of nmeasurenent (Hz)

f. = center frequency of bandw dth (Hz)

BW = bandwi dth (Hz)

18
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di screte frequency spurious em ssions shall be suppressed as
foll ows:

Goup 1 application

a. Between the carrier frequency (f) and fco £ 4B (where B
= bandw dth), at |east 40 dBc.

b. Between f. + 4B and =5 percent of f. renoved fromthe
carrier frequency, at |least 60 dBc

c. Beyond =5 percent of f. renoved fromthe carrier
frequency, at |least 80 dBc (see figure 8).

G oup 2 application

a. Between f. and f. = 4B, at |east 40 dBc.
b. Beyond f. + 4B, at |east 50 dBc.

9.4.12 Carrier suppression For group 1, the
suppressed carrier shall be at |l east 50 dBc (DO 60 dBc) bel ow
the output level of a single tone nodulating the transmtter to
rated PEP. For group 2 (not exceeding 100 watts output power),
t he suppressed carrier shall be at |east 40 dBc (DO 50 dBc)
bel ow t he out put | evel of a single tone nodul ating the
transmtter to rated PEP.

9.4.13 Automatic level control (ALC). Starting at ALC
threshold, an increase of 20 dB in audio input shall result in an
increase of less than 1 dB in average rf power output.

9.4.14 Attack and rel ease tine del ays

9.4.14.1 Attack-tinme delay. The tinme interval,
fromkeying-on a transmtter until the transmtted rf signal
anplitude has increased to 90 percent of its steady-state val ue,
shall not exceed 25 ns (DO 10 ms). This delay excludes any
necessary tine for automatic antenna tuning.

9.4.14.2 Release-tine delay. The tine
interval, fromkeying-off a transmtter until the transmtted rf
signal anplitude has decreased to 10 percent of its key-on
st eady-state value, shall be 10 ns or |ess.
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9.4.15 Signal input interface characteristics

9.4.15.1 |lnput signal power. |nput signa
power for m crophone or handset input is not standardi zed. When
a line-level input is provided (see paragraph. 5.3.6.2), rated
transmtter PEP shall be obtainable for single-tone anplitudes
from-17 dBm (dB referred to one mlliwatt) to +6 dBm (nanua
adj ustment permtted).

9.4.15. 2 I nput audio signal interface

9.4.15.2.1 Unbal anced interface \When
an unbal anced interface is provided, it shall have an audi o i nput
i npedance of a nom nal 150 ohns, unbal anced with respect to
ground, with a mnimumreturn |loss of 20 dB agai nst a 150- ohm
resi stance over the nom nal 3-kHz passband.

9.4.15.2.2 Balanced interface \When a
bal anced interface is provided, the audio input inpedance shall
be a nom nal 600 ohns, bal anced with respect to ground, with a
mnimumreturn | oss of 26 dB agai nst a 600-ohm resi stance over
the nom nal 3-kHz passband. The electrical symetry shall be
sufficient to suppress longitudinal currents at |east 40 dB bel ow
the reference signal |evel

9.4.16 Transmitter output |oad inpedance The nom nal
rf output |oad inpedance at interface point B, on figure 1, shall
be 50 ohns, unbal anced with respect to ground. Transmtters
shall survive any VSWR (vol tage standi ng wave ratio) at point B
whil e derating the output power as a function of increasing VSWR
However, the transmtter shall deliver full rated forward power
into a1l.3:1 VSWR |oad. Figure 9 is a design objective for the
derating curve. The VSWR between an exciter and an anplifier
shall be less than 1.5:1. The VSWR between an anplifier and an
antenna coupler shall be less than 1.5:1 for group 1 applications
and less than 2.0:1 for group 2 applications.

NOTE: The full-rated output power of a transmtter, over
the operating frequency range, is defined to be (a) the
rated PEP when the transmtter is driven by a two-tone
signal consisting of equal anplitude tones, and (b) the
rated average power when driven by a single tone. The
output rating shall be determned with the transmtter
operating into a nom nal 50-ohm | oad.
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9.5 Receiver characteristics.

9.5.1 Receiver rf characteristics NOTE: All receiver
i nput anplitudes are in terns of available power in dBmfrom a
50- ohm sour ce i npedance signal generator

9.5.1.1 |Image rejection. The rejection of imge
signals shall be at least 70 dB for group 2 HF receivers and
80 dB for all other HF receivers (DO 100 dB).

9.5.1.2 Internediate frequency (IF) rejection
Spurious signals at the internmedi ate frequencies shall be
rejected by at least 70 dB for group 2 HF receivers and 80 dB for
all other HF receivers (DO 100 dB).

9.5.1.3 Adjacent channel rejection The
receiver shall reject any signal in the undesired sideband and
adj acent channel in accordance with figure 4.

9.5.1.4 Oher single-frequency external spurious
responses. Receiver rejection of spurious frequencies, other
than I'F and i mage, shall be at |east 65 dB (55 dB for group 2)
for frequencies from+2.5 percent to +30 percent, and from-2.5
percent to -30 percent, of the center frequency, and at |east 80
dB (70 dB for group 2) for frequencies beyond 30 percent of the
center frequency.

9.5.1.5 Receiver protection The receiver, with
primary power on or off, shall be capable of survival w thout
danmage with applied signals of up to +43 dBm (DO +53 dBm
avai | abl e power delivered froma 50-ohm source for a duration of
5 mnutes for group 1 applications and 1 mnute for group 2
appl i cations.

9.5.1.6 Desensitization dynam c range The
followi ng requirenent shall apply to the receiver in an SSB node
of operation with an | F passband setting providing at |east 2750
Hz (nom nal 3-kHz bandw dth) at the 3-dB points. Wth the
receiver tuning centered on a sinusoidal input test signal and
with the test signal |evel adjusted to produce an output SINAD of
10 dB, a single interfering sinusoidal signal, offset fromthe
test signal by an anpbunt equal to %5 percent of the carrier
frequency, is injected into the receiver input. The output SINAD
shall not be degraded by nore than 1 dB as fol |l ows:

a. For group 1 radios, the interfering
signal is equal to or less than 100 dB above the test signal
| evel .
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b. For group 2 radios, the interfering
signal is equal to or less than 90 dB above the test signal
| evel .

9.5.1.7 Receiver sensitivity. The sensitivity of
the receiver over the operating frequency range, in the sideband
nmode of operation (nom nal 3-kHz bandw dth), shall be such that a
-111 dBm (DO -121 dBnm) unnodul ated signal at the antenna
termnal, adjusted for a 1000-Hz audi o out put, produces an audio
output with a SINAD of at |east 12 dB over the operating
frequency range.

9.5.1.8 Receiver out-of-band IMD Second and
hi gher order responses shall require a two-tone signal anplitude,
with each tone at +80 dB or greater above that |evel required for
a single tone input required to produce an output SINAD of 12 dB.
This requirenent is applicable for equal anplitude input signals
with the closest signal spaced 30 kHz or nore fromthe operating
frequency.

9.5.1.9 Third-order intercept point. Using test
signals within the first |IF passband, the worst case third-order
i ntercept point shall not be |less than +10 dBm (+1 dBm for group
2 applications).

9.6.1 Receiver distortion and internally generated
Spuri ous out puts.

9.6.1.1 Overall Internodulation Distortion
(in-channel). The total of internodul ation distortion (1NMD)
products, with two equal -anplitude, in-channel tones spaced 110
Hz apart, present at the receiver rf input, shall neet the
followi ng requirenents. For frequency-division nmultiplexing
(FDM service, the receiver shall neet the requirenents for any
tone spacing equal to or greater than the m ni nrum between
adj acent tones in any FDM |l ibrary. The requirenents shall be net
for any rf input anplitude of O dBm PEP (-6 dBnitone) at rated
audio output. All IMD products shall be at least 35 dB (DO 45
dB) bel ow the output |evel of either of the two tones.

9.6.1.2 Adjacent-channel IMD For nultiple-
channel equi pnent, the overall adjacent-channel INMD, in each
3-kHz channel being nmeasured, shall not be greater than -35 dBm
at the 3-kHz channel output wth all other channels equally
| oaded with O dBm unwei ght ed white noi se.

9.6.1.3 Audio frequency total harnonic
distortion. The total harnonic distortion produced by any single
frequency rf test signal, which produces a frequency within the
frequency bandwi dth of 300 Hz to 3050 Hz, shall be at |east 25 dB

25



(DO 35 dB) below the reference tone level with the receiver at
rated output level. The rf test signal shall be at |east 35 dB
above the receiver noise threshol d.

9.6.1.4 Internally generated spurious outputs
Spurious signals at the output of the receiver, produced in the
absence of rf signals by m xing of signals that are generated
internally in the receiver, shall not exceed -112 dBm (DO
-122 dBm).

9.6.1.5 Automatic gain control characteristic
Aut omatic gain control (AGC) shall be such that the steady-state
output |evel of the receiver (for a single tone) shall not vary
by nore than 3 dB over an rf input range from-103 dBmto +13 dBm
for group 1 applications or -103 dBmto O dBm for group 2
appl i cations.

9.6.1.6 AGC attack-tinme delay (nondata nopdes).
The receiver AGC attack-tinme delay shall not exceed 30 ns.

9.6.1.7 ACC release tinme (nondata nodes). The
receiver AGC rel ease tine shall be between 800 and 1200 ns for
SSB voice and intermttent continuous wave (I CW operation. This
shall be the tinme period fromrf signal downward transition unti
audi o output is within 3 dB of the steady-state output. The
final steady-state audio output is sinply receiver noise being
anplified in the absence of any rf input signal.

9.6.1.8 ACC requirenents for data service In
data service, the receiver AGC attack-tinme shall not exceed 13
ms. The AGC rel ease-tine shall not exceed 25 ns.

9.7.1 Receiver linearity. The follow ng shall apply
wWith the receiver operating at maximum sensitivity and with a
reference input signal that produces a SINAD of 10 dB at the
receiver output. The output SINAD shall increase nonotonically
and linearly within + 1.5 dB for a linear increase in input
signal level until the output SINAD is equal to at |east 30 dB
(DO 40 dB). Wen saturation occurs, the output SINAD may vary
+3 dB for additional increases in signal level. This requirenent
shal |l apply over the operating frequency range of the receiver.

9.7.2 Interface characteristics

9.7.2.1 1lnput inpedance. The receiver rf input
i npedance shall be nomnally 50 ohns, unbal anced with respect to
ground. The input VSWR, with respect to 50 ohns, shall not
exceed 2.5:1 over the operating frequency range.
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9.7.2.2 Qutput inpedance and power. Wen a
bal anced out put is provided, the receiver output inpedance shal
be a nom nal 600 ohns, bal anced with respect to ground, capable
of delivering O dBmto a 600-ohmload. Electrical symretry shal
be sufficient to suppress longitudinal currents at |east 40 dB
bel ow reference signal |evel. The receiver output signal power,
for operation with a headset or handset, shall be adjustable at
| east over the range from-30 dBmto O dBm For operation with a
speaker, the output |evel shall be adjustable at |east over the
range fromO dBmto +30 dBm As a DO an additional interface
whi ch can accommodat e speakers ranging from4 to 16 ohns
i npedance shoul d be provi ded.

9.8 Automatic link establishment (ALE). If ALE is to be
i npl emrented, it shall be in accordance with Fed-Std-1045A. The
ALE requirenments include selective calling and handshake, |ink
quality anal ysis and channel selection, scanning, and soundi ng.
These requirenments are organi zed in Fed-Std-1045A as fol | ows:

a. Requirenents for ALE inplenentation are given in
sections 1 through 5.

b. Details on ALE waveform signal structure protocols,
and orderwire nmessages are contained in sections 5.1 through 5.5

10. \Where to obtain Copies. Additional copies of this docunent
can be obtained fromthe National Conmmunications System
Technol ogy and Standards Division (N6), 701 South Court House
Road, Arlington, VA 22204-2198. Wen requesting copies, refer to
Federal Tel econmuni cati ons Reconmendati on 1050- 1998, Hi gh
Frequency Radi o Basel i ne Paraneters.
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ANNEX A TO FTR 1050-1998

Definitions needed for the technical understanding of FTR 1050-
1998 are provided below. Those that are conmon with
Fed- St d- 1037C have been included for conveni ence of the reader.

Automatic |link establishnent (ALE): The capability of an HF
radio station to nmake contact, or initiate a circuit, between
itself and anot her specified radio station, wthout human
intervention and usually under processor control. Note: ALE
techni ques include automatic signaling, selective calling, and
automati ¢ handshaking. O her automatic techniques that are
related to ALE are channel scanning and selection, link quality
anal ysis (LQA), polling, sounding, nessage store-and-forward,
address protection, and anti-spoofing (FED STD 1037C).

Bal anced to ground: Electrical symmetry with respect to a conmon
gr ound.

Clear-to-send (CTS) signal: The control signal generated by the
transmtting nodem on the CTS connection to denote a state of
readi ness for transm ssion. The CTS signal is a response to the
request-to-send (RTS) signal fromthe transmtting device.

Conpatibility: Capability of two or nore itens or conponents of
equi pnrent or material to exist or function in the sane system or
environnment w thout mutual interference (FED STD 1037C)

Delay distortion In a waveform consisting of two or nore wave
conponents at different frequencies, distortion caused by the
difference in arrival tinmes of the frequency conponents at the
output of a transm ssion system (FED STD 1037C)

Dynanmic range: 1. In a systemor device, the ratio of (a) a
speci fied maxi num | evel of a paraneter, such as power, current,
vol tage, or frequency to (b) the m ninmum detectable val ue of that
paraneter. 2. In a transm ssion system the ratio of (a) the
overload level, i.e., the maxi mum signal power that the system
can tolerate without distortion of the signal, to (b) the noise

| evel of the system 3. In digital systens or devices, the ratio
of maxi mum and m ni mum signal levels required to miintain a
specified bit error ratio. Note: The dynamc range is usually
expressed in dB (FED STD 1037C)

Fixed: A station intended to be used at a specified fixed point
(NTI A) .
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G oup delay: The rate of change of the total phase shift with
respect to angul ar frequency, d1/dT, through a device or
transm ssion nmedium wherel is the total phase shift, andT is
t he angul ar frequency equal to 2Bf, where f is the frequency
(FED- STD 1037C).

| mage frequency: In radio reception using heterodyning in the

tuni ng process, an undesired input frequency that is capable of
produci ng the sane internedi ate frequency (IF) that the desired
i nput frequency produces. Note: The termimge arises fromthe
mrror-like symmetry of signal and inage frequenci es about the

beating-oscillator frequency (FED STD 1037C)

| nteroperability: The condition achi eved anong

conmuni cati ons-el ectroni cs systens or itens of conmunications-
el ectroni cs equi pnrent when infornmation or services can be
exchanged directly and satisfactorily between them and/or their
users (FED- STD 1037C)

Li nked conpressor and expander (Linconpex): A speech processing
system conpri sed of a conpressor and expander |inked by a control
channel separate fromthe audi o (speech) channel.

Mbile: A radio comunication service between npobile and | and
stations, or betwee n nobile stations. A station in the nobile
service intended to be used while in notion or during halts at
unspecified points (NTIA).

Multipath (MP): The propagati on phenonenon that results in radio
signals reaching the receiving antenna by two or nore paths (FED
STD 1037C).

Narr owband: At HF radio frequencies (1.5 - 30 MHz) the nom nal
voi ce frequency (VF) bandw dth all ocated for single channel radio
(i.e., 3 kHz).

Necessary bandwi dth: For a given class of em ssion, the width of
the frequency band which is just sufficient to ensure the

transm ssion of information at the rate and with the quality
requi red under specified conditions (NTIA).

Nom nal bandwi dth: The w dest band of frequencies, inclusive of
guard bands, assigned to a channel (FED STD 1037C)

Phase noise (dBc/Hz): The amount of single-sided phase noi se,
contained in a 1-Hertz (Hz) bandw dth, produced by a carrier
(signal generation) source and referenced in decibels below the
full (unsuppressed) carrier output power. Note: Phase noise is
generally caused by mnor fluctuations in the output frequency
(phase) of an oscillator or frequency synthesizer. The effect of
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phase noise in a receiver is that as a receiver is tuned towards
a strong near-by signal, there is an apparent rise in the
receiver's noise floor, which can mask weak signals in the
passband. Phase noise on a transmtter signal (fromtransmtter
oscillator phase noise) wll produce the sane effect in a
receiver.

Portable: A station designed to be carried by a person and
capable of transmtting and/or receiving while in notion or
during brief halts at unspecified | ocations (NTIA).

Request -t o-send (RTS) signal: The control signal generated by
the transmtting term nal on the RTS connection to denote a
request for transm ssion.

Si gnal - pl us-noi se-plus-distortion to noise-plus-distortion ratio
(SINAD): The ratio, expressed in decibels (dB), of (a) the
recovered audi o power (original nodul ating audio signal plus

noi se plus distortion) froma nodul ated radi o frequency carrier,
to (b) any residual audio power (noise plus distortion) renaining
after the original nodul ating audio signal is renoved (FED STD
1037C).

Spurious em ssion:. Em ssion on a frequency or frequencies which
is outside the necessary bandwi dth and the | evel of which may be
reduced wi thout affecting the corresponding transm ssion of

i nformati on (FED STD 10370C)

Third-order intercept point: A point (a) that is an extrapol ated
convergence--not directly neasurabl e--of internodul ation
distortion products in the desired output and (b) that indicates
how wel | a receiver perforns in the presence of strong nearby
signals. Note: Determnation of a third-order intercept point
is acconplished by using two test frequencies that fall within
the first internmedi ate frequency m xer passband. Usually, the
test frequencies are about 20 to 30 kHz apart (FED-STD 1037C)

| nt er rodul ati on products have an out put-versus-i nput
characteristic which, when graphically displayed, would
theoretically intercept the plot of the desired output-versus-
input if the nonlinear device continued to operate linearly

W t hout conpression. The signal input |evel at which this

t heoretical point would occur is called the intercept point and
is usually defined in dBm (I EEE)

Transport abl e: A station which is transferred to various fixed
| ocations but is not intended to be used while in notion (NTIA).
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Unbal anced to ground: Pertaining to electrical asymetry with

respect to a comon ground. Note: Frequently, the term
"unbal anced"” describes a circuit, one side of which is grounded.

W deband: At HF radio frequencies (1.5 - 30 MHz) a bandw dth
| arger than 3 kHz.
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ANNEX B TO FTR 1050-1998

The abbrevi ati ons and acronyns used in FTR 1050-1998 are defined
bel ow. Those that are commpn with FED- STD 1037C have been
i ncl uded for the conveni ence of the reader

AGC automatic gain contro

Al anti-janm ng

ALC automatic | evel contro

ALE automatic |ink establishnment

Bd baud

BER bit error ratio

bi t acronym for binary digit

b/s bits per second

BW bandw dt h

CCl R I nternational Radio Consultative Committee
CTS clear to send

dB deci bel

dBc dB referred to the carrier

dBm dB referred to one mlliwatt

DO desi gn obj ective

FDM frequency-di vision nultiplexing

FED- STD Federal Standard

fo carrier frequency

FSK frequency-shift keying

FTSC Federal Tel ecommuni cati ons Standards Conmittee
HF hi gh frequency

Hz Hert z

| AW in accordance wth

| EEE The Institute of Electrical and El ectronics Engi neers,

| nc.

i nternedi ate frequency

i nternodul ati on distortion

i ndependent si deband

Institute for Tel ecomruni cati on Sci ences
| nt ernational Tel ecommuni cati on Uni on

| nternational Tel ecommuni cati on Uni on,
Radi ocommuni cati on Assenbly

kHz kil oHertz (1,000 Hertz)

LP i nking protection

LQA link quality analysis

LSB | ower sideband

VF medi um frequency

VHz MegaHertz (1, 000,000 Hertz)
ML-STD mlitary standard

nodem nmodul at or - denodul at or

VP mul ti path

ns mllisecond
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NBFM
NTI A

PEP
rf
RTS

SI NAD

SOR
SSB
uSB
VF
VSVR

wpm

narrowband frequency nodul ation

Nati onal Tel ecommuni cati ons and | nformation
Adm ni stration

peak envel ope power

radi o frequency

request-to-send

si gnal - pl us- noi se-plus-distortion to noise-plus-
distortion ratio

statenent of requirenents

si ngl e si deband

upper si deband

voi ce frequency

vol tage standi ng wave ratio

words per m nute
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